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Abstract

Background and objectives

Although penetrative sex is the most common route of HPV infection, there is strong evi-
dence of non-sexual modes of transmission. As the first of its kind, this study aimed to inves-
tigate the knowledge and awareness of Jordanian physicians on such routes.

Methods

A questionnaire was conducted among a national Jordanian sample of physicians from Jor-
danian health sectors. The survey included questions assessing participants’ knowledge on
HPV, non-sexual routes of infection and HPV vaccines. Physicians’ attitudes towards HPV
screening and vaccination were covered. Statistical analysis was carried out using SAS 9.4,
ANOVA, post-hoc Tukey-Honest test and Kruskal-Wallis test. All significant differences
were set at a =0.05.

Results

A total of 412 participants completed the survey. Physicians showed a huge deficit in knowl-
edge on nonsexual routes of HPV transmission. They agreed that the most and least com-
mon routes of non-sexual transmission are skin to mucosa (64%) and contaminated water
(15%), respectively. Females showed significantly better knowledge in all aspects of HPV
transmission and vaccination (p<0.0001) and more positive attitudes towards HPV screen-
ing and vaccination compared to males (p = 0.03). Age group < 25 and academic physicians
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demonstrated higher knowledge on HPV vaccines compared to their counterparts in non-
academic places (p = 0.002). Specialty and experience seemed to have no impact on knowl-
edge or attitudes of participants. Higher knowledge physicians had more positive attitude
towards vaccination and screening compared to lower knowledge fellows (p<0.001).

Conclusions

The noteworthy findings of this study is the extremely low level of knowledge on non-sexual
routes of HPV infection among Jordanian physicians. Increasing the level of awareness of
physicians and healthcare workers on these routes and their association with cervical and
other cancers through university curricula and other reliable sources is strongly
recommended.

1. Introduction

Human papillomavirus (HPV) is a non-enveloped epitheliotropic double stranded DNA virus
from the Papillomaviridae family. There are over 200 genotypes of HPV. Fourty of these
belong to the a genus, 15 of which are considered high-risk (HR)-HPV types as they can lead
to carcinogenesis [1].

HPYV is estimated to cause 570,000 cases of cancer in women and 60,000 cases of cancer in
men worldwide every year. Globally, HPV is the cause of 99% of cervical cancers, 90% of anal
cancers, 70% of vulvar and vaginal cancers, 60% of penile cancers and 70% of oropharyngeal
cancers, making up more than half of all malignancies related to infections [2-5].

HPYV infection can be asymptomatic and clear on its own or can cause a wide spectrum of
symptoms ranging from a group of benign lesions such as skin and genital warts to the forma-
tion of malignancies [6]. Beside the genetic type, it has been established that a few factors
including the host genetic background, smoking, alcohol consumption, the presence of co-
infections and the age of sexual debut affect the clearance time of the virus [7].

Penetrative and non-penetrative sex are the main routes of HPV transmission through
skin-to-skin or skin-to-mucosa contact [8]. HPV can be transmitted from genitals to hands or
hands to genitals through both sexes [9]. Many non-sexual routes have been reported to cause
HPYV transmission as evidenced by the detection of the virus in female virgins and genital
warts in children who have never experienced sexual abuse [10, 11]. Horizontal transmission
of HPV involves contact with the mouth, fingers, and skin (other than sexual). Studies suggest
that self-inoculation is a possible HPV transmission route [8, 9]. Another HPV transfer route
is vertical transmission from mother to fetus through the amniotic fluid and/or placenta and
through contact with mother’s mucosa during natural birth [12, 13]. Mother to newborn
transmission can occur through skin-to-skin contact. Water is another potential source of
HPYV infection. Although waterborne HPV transmission has never been proven, HPV DNA
has been found in sewage water, rivers and swimming pools [14-16]. Importantly, HPV was
detected on medical instruments, such as ultrasound probes, making these tools powerful can-
didates of transmission [17].

Three HPV vaccines were licensed since 2006. The bivalent Cervarix targeting HR HPV16
and HPV18. The quadrivalent Gardasil protecting against LR HPV6 and HPV11 and HR
HPV16 and HPV18. The nanovalent Gardasil 9 targets 5 other HR types, namely HPV31,
HPV33, HPV45, HPV52, and HPV58. All three vaccines proved to significantly reduce the
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development of premalignant and malignant lesions and decrease anogenital infections in
women [18].

HPYV infection rates vary in different countries, with a global prevalence of 11.7% and high-
est infection rates recorded in Africa (21%) [19]. In Arab countries, HPV prevalence rates var-
ied from low to moderate as reported in Kuwait (2.4%, 2007) [20], Qatar (9.8%, 2014) [21],
Saudi Arabia (9.8%, 2011) [22], Bahrain (9.8%, 2011) [23], and Palestine (13%, 2007) [24].

In Jordan, data and updates on the prevalence of HPV infection are deficient [25]. In 2017,
a study done at King Hussein Cancer Center showed a 3.8% abnormal Papanicolaou (Pap)
smear rate among a total of 5,529 routine tested smears. This study argued against the imple-
mentation of population HPV testing and vaccination based on the low prevalence of cervical
cancers in the country [26]. In 2020, the prevalence of HPV infection in Jordan was reported
as 4% among women attending the Gynecology Clinic at Prince Hamza Hospital (Amman,
Jordan) with HPV-16 being the most common subtype (43%) [27].

During 2000-2013, cervical cancer was ranked the 10th most common cancer among
women aged 15-44 years in the country [28]. In 2012, the annual incidence of cervical cancer
was estimated at 50-60 cases with a 50% mortality rate [29]. Interestingly, this number doubled
9 years later. In 2021, the HPV Information Centre (October 2021) reported an annual cervical
cancer diagnosis of 115 women with 71 deaths [30]. This might indicate an increased rate of
HPYV transmission in the country. Recent studies have shown that ~ 90% of screened cervical
cancers were HPV DNA +ve, with HPV-16 followed by HPV-18 as most prevalent [31, 32]. As
for head and neck cancers, the prevalence of HPV was reported at 14.8% and 31.1% in two
recent studies in Jordan, with HPV-16 being the significantly predominant strain [33, 34].

Reports on the rate of cervical smear test uptake in Jordan are scarce. Despite a slow
improvement in recognizing the importance of the test and the rate of screening among Jorda-
nian women including healthcare workers over time, all reported low rates of test uptake, with
the highest reaching 38% of female study participants. These reports identified knowledge defi-
ciency on the existence of the test, not being referred to undergo the test by a health profes-
sional and fear of unfavorable results as major obstacles faced by Pap smearing in the country.
All reached to same conclusion of a pressing need to implement a national screening program
advertised by health education through the media. [35, 36].

Several studies assessed knowledge on HPV infection, HPV caused cancers, and attitudes
towards HPV vaccination in Jordan. Target participants included students (health sciences,
medicine and dentistry), women visiting clinics, dentists and gynecologists. Although aware-
ness of HPV infection, risks of HPV related cancers (especially other than cervical), Pap
screening, presence of HPV vaccines and their protective potential varied among investiga-
tions, with older medical students and physicians being more knowledgeable, all studies
reported a deficit in knowledge and a relative resistance to vaccination [37]. The main factors
for HPV vaccine rejection included cost, decreased risk to get HPV infection and complacency
[37-42]. These findings urged the implementation of intervention measures including curricu-
lar changes, training workshops and awareness campaigns.

Undoubtedly, there is a religious and cultural based social discomfort in Jordan and Mus-
lim countries towards HPV and sexually transmitted diseases. This led to the hindering of
HPV vaccination and screening. We believe that an understanding of potential non-sexual
HPV transmission could relief such discomfort and could help increase rates of vaccine accep-
tance. We hypothesize that Jordanian physicians have low knowledge on non-sexual routes of
HPYV transmission and therefore do not encourage anti-HPV vaccination and/or HPV screen-
ing. Hence, this study aimed at investigating the knowledge and awareness of Jordanian physi-
cians on the non-sexual routes of HPV transmission and to correlate such knowledge to their
attitude towards HPV vaccination and screening.

PLOS ONE | https://doi.org/10.1371/journal.pone.0291643 October 11, 2023 3/18


https://doi.org/10.1371/journal.pone.0291643

PLOS ONE

Knowledge and attitudes of Jordanian physicians on non-sexual routes of HPV transmission

2. Methods
2.1. Study design

A self-administered electronic questionnaire was conducted among a national Jordanian sam-
ple of physicians, residents and general practitioners (GP). The questionnaire was distributed
to all health sectors, including Ministry of Health (MOH), the Royal Medical Services (RMS),
university hospitals (Academia), and private practice.

The survey was developed and presented to participants in English. Before conducting the
pilot test, the face validity of each item was checked by the authors. The instrument was vali-
dated in a pilot test with ten physician respondents who were not included in the final analysis.
A minor revision of some items was done following the pilot test.

We used the following formula to obtain the minimal sample size needed for the study:

n = (z,,)’pq/D’

Where z is the normal standard deviation which equals 1.96 for a 95% confidence level, p is
the expected prevalence of the condition of interest, q equals 1-p, and D is the margin of error
acceptable to the researcher. Assuming a prevalence of 50% and a margin of error of 5%, and a
95% CL, the needed sample size was 384 participants. The study had more than 400
participants.

Accurate targeting of the respondents was done through the authors’ direct contact with
physicians and residents in medical hospitals. Also, it was distributed among the author’s
direct contacts and on different social media platforms (Facebook and WhatsApp). The survey
distribution took place in August 2022, with no incentives for participation. Informed consent
was added in the introductory section of the survey to assure the respondents of their anonym-
ity, agreement to participate in the study upon answering the questions, and their right to
withdraw from the study at any time.

2.2. Ethical approval

The study was approved by the Department of Biology and Biotechnology/Faculty of science/
Hashemite University (No.22/7/2021/2022).

2.3. Survey items

The survey includes four sections: the first section represents an invitation to participate in the
survey by displaying its aim, assuring the participant’s agreement in participation, along with
their right of withdrawal and anonymity. The second section comprises nine items assessing
various characteristics of the participants (gender, marital status, occupation, specialty, place
of work, previous training or published research on sexually transmitted diseases, and the fre-
quency of encountered patients diagnosed with HPV).

The third section comprises an introduction regarding participants’ general knowledge of
HPV. The section starts with yes or no questions concerning whether they have heard of HPV
before the survey, asking if HPV was common in Jordan, and whether HPV infection could be
asymptomatic. Their knowledge of whom HPV infects was covered (males, females, or both).
Asking about HPV routes of transmission was included with check boxes of yes and no near
each possible route (sexual intercourse, skin-skin contact, skin-mucosa contact, mother to
fetus, contact with contaminated medical equipment, contact with contaminated water (swim-
ming pools), self-inoculation, and none). The most adverse possible health outcomes of HPV
infection for males and females were added for the participants to choose from. Last but not
least, this section covered HPV treatment availability, recommendations for regular testing for
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females and high school students in Jordan, and the issue of lack of knowledge regarding HPV
among the community and healthcare workers.

The final section of the survey covered HPV vaccination. The section incorporated yes or
no questions regarding the presence of a vaccine, whether it is protective in case of a current
HPYV infection, its availability in Jordan, and whether the participants agree that the vaccina-
tion should be obligatory in Jordan. The percentage of cervical cancer prevention by vaccina-
tion was covered and followed by the best time to receive the vaccine (during childhood or
puberty, prior to starting sexual activity, or at any age). Also, the participants were asked if
they would take the vaccine if available and whether they would recommend it to their
patients, with reasons to choose from for those who disagree. See S1 Table.

2.4. Knowledge score calculation

A team of authors evaluated the relevance and representativeness of the current question-
naire’s content validity. To assess the overall knowledge of the participants regarding HPV and
its vaccine, we used three HPV knowledge (K) scores (HPV K-General (G), HPV K-NonSexual
(NS), HPV K-Vaccine (V)). HPV K-G includes the following five points: 1) ability of HPV to
infect both females and males; 2) asymptomatic HPV infections are possible; 3) HPV transmis-
sion through sexual routes 4) cancer is a serious consequence of HPV infection in both men
and women; 5) HPV infections can be treatable. Regarding the HPV K-NS, it also consists of
five points: 1. transmission of HPV through skin to skin or skin to mucosa contact; 2. mothers
being a source of HPV in neonates; 3. contaminated medical equipment’s capacity to spread
HPV to patients; 4. HPV spread is accelerated by self-inoculation; 5. presence of HPV in

water. Finally, the HPV K-V score encompasses four points: 1- existence of HPV vaccine; 2-
protectiveness of the vaccine against HPV associated cancers in those already infected with
certain strains of HPV; 3- percentage of protection from malignancies attributable to HPV
that the vaccine confers; 4- age group that benefits most from vaccination. The maximum pos-
sible score was 6, 5, and 4 according to the HPV K-G, K-NS§, K-V respectively while the mini-
mum was zero for all three of them. See S2 Table for detailed scoring.

2.5. Attitude score calculation

The physicians’ attitude towards regular screening for HPV in the community as well as their
perspective and recommendation of HPV vaccine was assessed using the attitude scale
(A-Scale). Four points were evaluated: 1) The willingness of the participants to receive the HPV
vaccine for free; 2) The confidence to suggest the vaccine to their patients; 3) The necessity of
routine HPV screening among young adults in the community; 4) The significance of regular
HPYV screening among high schoolers. Each of the above was assessed with a dichotomous scale
(“Yes” or “No”) and given 1 point. Thus, the maximum score was 4 and the minimum was zero.
Higher Attitude scale values indicated a more positive attitude of the physician toward advising
regular testing of HPV and promoting HPV vaccine. See S2 Table for detailed scoring.

2.6. Statistical analysis

Statistical analysis was carried out using SAS 9.4 (Cary, NC, USA). Descriptive statistics were
used to describe demographic and general characteristics of participants. Percentages and fre-
quencies were used to describe categorical variables, while mean and range or median and
inter-quartile range (IQR) were calculated to describe continuous variables. ANOVA was used
to compare the differences between mean scores of age groups, gender (males vs. females), spe-
cialty (surgery, internal medicine, pediatrics, gynecology, or others), experience (specialist, res-
ident, general practitioner), and workplace (Ministry of Health, academia, private sector,
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military services) for each one of the following variables about HPV, knowledge about non-
sexual routes, knowledge about HPV-vaccine, total knowledge scores, and attitude scores.
Post-hoc Tukey-Honest test was run for significant associations to identify which pairs where
significant after adjustment for p-values. Because of the data nature of scores, we also ran
Kruskal-Wallis test to compare differences between median scores of age groups, gender, spe-
cialty, experience, and workplace for each one of the following variables about HPV, knowl-
edge about non-sexual routes, knowledge about HPV-vaccine, total knowledge scores, and
attitude scores. All significant differences were set at o = 0.05.

3. Results
3.1. Sociodemographic characteristics of respondents

A total of 412 participants completed the survey; 158 participants from the MOH (38.4%), 128
from academia (31.1%), 105 were from private practices (25.5%), and 21 from the RMS (5.1%).
More than half of study participants were females (53.2%) and unmarried (54.8%). The age
group 26-40 was dominant (71.8%) (Table 1).

Table 1. Characteristic of participants in “Awareness and knowledge of physicians and residents in the non-sexual
routes of HPV infection and their perspective on anti-HPV vaccination in Jordan” study, 2022.

Characteristic Number %
Gender
Female 219 53.2
Male 193 46.8
Marital Status
Unmarried 226 54.8
Currently married 186 45.2
Age
<25 75 18.2
26-40 296 71.8
41-60 31 7.5
above 60 10 2.4
Occupation
Specialist 130 31.6
Resident 215 52.2
General practitioner 67 16.3
Specialty
Surgery 60 14.6
Internal Medicine 46 11.2
Pediatrics 25 6.1
Gynecology 72 17.5
Others * 209 50.7
Work
Ministry of health 158 384
Academia 128 31.1
Private sector 105 25.5
Military or Royal Medical Services 21 5.1

*Others: Family Medicine 36, Dermatology 17, Pathology 11, Urology 9, Anesthesiology 8, Ophthalmology 7,
Orthopedics 5, Otorhinolaryngology 2, Public health 2, Anatomy 1, Forensic Medicine 1, Neurology 1,
Pharmacology 1, Radiology 1, General practitioners 67, missing data 40

https://doi.org/10.1371/journal.pone.0291643.t001
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In terms of specialty, gynecologists, surgeons, internists and pediatricians comprised 17.5%,
14.6%, 11.2% and 6.1% of the participants, respectively. The remaining specialties (named oth-
ers) comprised 50.7% (detailed in Table 1). In terms of experience level, resident physicians
(52%) were more prevalent compared to specialists (31.6%) and general practitioners (16.3%).

3.2. Overall level of HPV knowledge among participants who have heard of
the virus

Opverall, 97.8% of all participants stated they heard of HPV before encountering the questionnaire.
Male participants were less likely to have general knowledge about HPV compared to their female
colleagues (p = 0.005). No significant differences were found in K-HPV general scores of physi-
cians based on age, specialty and experience (respectively; p = 0.117, p = 0.455, p = 0.781).

As female participants showed more general knowledge than males, they also evinced more
knowledge on non-sexual routes of HPV transmission and higher knowledge on anti-HPV
vaccination (p = 0.022, p = 0.000).

Age group < 25, workers in academia and RMS demonstrated higher knowledge scores on
anti-HPV vaccines than other age and workplace groups (p = 0.013, p = 0.000).

The HPV total-score was used to evaluate the overall general, non-sexual routes and vac-
cines knowledge of physicians per age, gender, specialty, experience and workplace. The total
HPV was higher among female physicians compared to their male counterparts (p<0.0001)
and also in academic physicians in comparison to their colleagues in other workplaces
(p<0.001). In addition, youngest physicians (<25 years old) scored higher than older age
groups (p = 0.04). Notably, specialty and years of experience demonstrated no impact on HPV
knowledge in total (Tables 2 and 3).

3.3. Physicians’ knowledge on different non-sexual routes of HPV infection
was extremely low

Although skin to mucosa and skin to skin contact are means of both sexual and nonsexual
transmission of HPV, only 64% and 52% of participants respectively, agreed that these could
form an HPV transmission route. Physicians’ belief in contaminated water (15%), self-inocula-
tion 23%), medical equipment (34%) and mother to fetus (51%) as potential routes of HPV
transmission is extremely low (Fig 1).

3.4. Overall attitude of participants who have heard of the virus towards
HPYV vaccination

As shown in Table 4, youngest physicians (< 25 years old) scored the highest in terms of atti-
tude towards HPV vaccination and screening compared to other age groups (p = 0.002). The
trend shown here demonstrates more positive attitude in young physicians (<40 years old)
compared to older ones (>41 years old). Females showed significantly more positive attitude
than males (p = 0.03). Practice type (specialty) had no effect on the physicians’ attitude towards
vaccination and screening, but years of experience proved to significantly impact attitude
scores with GPs being more positive that residents and specialists. Attitude of academic physi-
cians did not differ from that of their counterparts in MOH, private sector and MRS.

3.5. Not having extra marital activity is the main reason chosen by
Jordanian physicians who would not take the vaccine themselves

151 of the participants (37%) reported that they won’t take the vaccine if it was available. Not
having extra-marital activity was the utmost cause for not taking the HPV vaccine (46%). 28%
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Table 2. Human papillomavirus (HPV) knowledge scores stratified by HPV general knowledge (K-HPV general), knowledge on non-sexual routes (K-nonsexual
routes) of HPV transmission and knowledge on anti-HPV vaccines (K-HPV vaccine) based on participants age, gender, specialty, experience, and workplace.

Characteristic K- HPV General K- Nonsexual Routes K- HPV Vaccine
Age Mean (Range) | Median (IQR) | p-Value * | Mean (Range) | Median (IQR) | p-Value * | Mean (Range) | Median (IQR) | p-value *
<25(75) 4.7 (2-6) 5.0 (4-5) 2.2 (0-5) 2.0 (1-3) 2.5 (0-4) 3.0 (2-3)
26-40 (296) 4.5 (1-6) 5.0 (4-5) 0.117 2.2 (0-5) 2.0 (1-3) 0.509 2.0 (0-4) 2.0 (1-3) 0.013
41-60 (31) 4.6 (2-6) 5.0 (4-5) 0.109 2.5 (0-5) 2.5(1.5-3.5) 0.547 2.0 (0-4) 2.5 (1-3) 0.010
above 60 (10) 4.0 (2-5) 4.0 (4-5) 1.8 (0-3) 2.0 (1-3) 1.8 (0-3) 2.0 (2-2)
Gender
Female (219) 4.7 (2-6) 5.0 (4-5) 0.005 2.4 (0-5) 2.0 (1-3.5) 0.022 2.3 (0-4) 2.0 (2-3) 0.000
Male (193) 4.4 (1-6) 4.0 (4-5) 0.005 2.0 (0-5) 2.0 (1-3) 0.021 1.9 (0-4) 2.0 (1-3) 0.000
Specialty
Surgery (60) 4.8 (3-6) 5.0 (4-5) 2.0 (0-5) 2.0 (1-3) 1.7 (0-4) 2.0 (0-3)
Internal Medicine (46) 4.5 (2-6) 5.0 (4-5) 0.455 2.0 (0-5) 2.0 (1-3) 0.128 2.2 (0-4) 2.0 (2-3) 0.059
Pediatrics (25) 4.4 (2-6) 4.5 (3.5-5) 0.723 1.8 (0-5) 1.8 (0-3) 0.108 2.1 (0-4) 2.0 (2-3) 0.124
Gynecology (72) 4.6 (3-6) 5.0 (5-4) 2.4 (0-5) 2.5(1-3.3) 2.3 (0-4) 3.0 (2-3)
Others (102) 4.6 (2-6) 5.0 (4-5) 2.3 (0-5) 2.0 (1-3.5) 2.1 (0-4) 2.0 (2-3)
Experience
Specialist (130) 4.6 (2-6) 5.0 (4-5) 2.3 (0-5) 2.0 (1-3) 2.2 (0-4) 2.0 (2-3)
Resident (215) 4.5 (1-6) 5.0 (4-5) 0.781 2.1 (0-5) 2.0 (1-3) 0.397 2.0 (0-4) 2.0 (1-3) 0.442
General practitioner (67) 45 (2-6) 5.0 (4-5) 0.760 2.2 (0-5) 2.0 (1-3.5) 0.390 2.0 (0-4) 2.0 (2-3) 0.386
Work
Ministry of health (158) 4.4 (2-6) 4.0 (4-5) 0.045 2.0 (0-5) 2.0 (1-3) 0.127 1.7 (0-4) 2.0 (0-3) 0.000
Academia (128) 4.7 (2-6) 5.0 (4-5) 0.031 2.4 (0-5) 2.0 (1-3.5) 0.135 2.4 (0-4) 3.0 (2-3) 0.000
Private sector (105) 4.6 (1-6) 5.0 (4-5) 2.3 (0-5) 2.0 (1-3) 2.1 (0-4) 2.0 (2-3)
Military Services (21) 4.3 (3-5) 4.0 (4-5) 2.4 (0-5) 2.0 (1-3.5) 2.4 (0-4) 3.0 (2-3)

*The first p-value shows the ANOVA results for differences between means, while the second p-value shows the difference between medians using Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0291643.t002

of the participants won’t take the vaccine because they are virgin, while 3% of the participants
won’t take it due to the misconception that HPV occurs in females only. 3% and 1% of the par-
ticipants believe that the HPV vaccine isn’t safe or protective, respectively. 29% of the partici-
pants have other reasons (Fig 2).

3.6. Physicians who would not recommend the HPV vaccine to their
patients would not do so because they think it is not necessary

Out of 403 participants, 331 (82%) stated that they will recommend the HPV vaccine to their
patients if the vaccine was available in Jordan for free, while 72 (18%) won’t. The majority of
those who won’t recommend the vaccine (40%) believed that it is not necessary to implement
HPV vaccination in Jordan, while 26% won’t recommend it due to cultural reasons. Only 6%
and 3% of the physicians won’t recommend the vaccine because it is not safe or not protective,
respectively. On the other hand, 25% of the participants justified their “no” answer for other
reasons (Fig 3).

3.7. Positive attitude of participants towards HPV vaccination correlates
with higher knowledge on HPV

Participants with a K-total score of >7.5 out of 15 were classified as “high knowledge” partici-
pants and those who got lower than that were classified as “low knowledge” participants.
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Table 3. Human papillomavirus (HPV) total knowledge (K-total) scores based on participants’ age, gender, spe-

cialty, experience, and workplace.

Characteristic K-Total Score

Age Mean (Range) Median (IQR) p-Value*
<25 (75) 9.4 (4-14) 9.5 (8-11)
26-40 (296) 8.7 (1-14.5) 9 (7-10.5) 0.0419
41-60 (31) 9.2 (4-13) 9.5 (8-11) 0.0502
above 60 (10) 7.6 (5-10) 8.5 (5-9)

Gender
Female (219) 9.3 (4-14) 9 (8-11) < .0001
Male (193) 8.3 (1-14.5) 8 (6-10) < .0001

Specialty
Surgery (60) 8.5 (4-13) 8.5 (7-10.3)
Internal Medicine (46) 8.7 (3-14) 9 (7-10.5) 0.194
Pediatrics (25) 8.3 (4-14) 8 (6-10.3) 0.198
Gynecology (72) 9.3 (5-14) 9.0 (8-11)
Others (102) 9.0 (4-14) 9.0 (7-11)

Experience
Specialist (130) 9.1 (3-14) 9.5 (8-10.5) 0.2648
Resident (215) 8.7 (1-14.5) 9 (7-10.5) 0.1655
General practitioner (67) 8.7 (3-14) 9 (7-10.5)

Work
Ministry of health (158) 8.2 (4-14) 8 (6.5-9.5)
Academia (128) 9.5 (4-14.5) 10 (8-11) < .0001
Private sector (105) 9 (1-14) 9(7-11) <.0001
Military Services (21) 8.9 (4.5-12.5) 9 (8-10.5)

*The first p-value shows the ANOVA results for differences between means, while the second p-value shows the

difference between medians using Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0291643.t1003

Similarly, based on attitude, physicians with attitude scores >3 out of 4 were classified as phy-
sicians with “positive attitude” and those who scored <3 out of 4 were classified as physicians
with “negative attitude”. A Mann-Whitney test demonstrated a statistically significant differ-
ence in terms of attitude towards HPV vaccination and screening among the “high knowledge”
but not the “low knowledge” participants (p = 0.039). As shown in Fig 4, 60% of “high knowl-
edge” participants had positive attitude toward HPV screening and vaccination, while those
with “low knowledge” had close to equal percentages of negative and positive attitude.

3.8. Source of knowledge on HPV vaccines

Among participants who heard about HPV, 93% know about HPV vaccine through medical
education and 20% read about HPV vaccine on their own. However, 14% attained their knowl-
edge about HPV vaccine through both, medical education and their own readings.

Social media was the only source of knowledge in 4% of the participants. Friends and family
formed the HPV vaccine knowledge source of 10% and 5% of the participants, respectively.
Multiple sources of knowledge (three or more) were reported by 1% of the participants,
among those 2% reported that they know about HPV vaccine through medical education,
their own readings and social media. Good to mention that there is missing data from 77
participants.
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Fig 1. The prior knowledge of the nonsexual routes of HPV transmission among the study participants.

https://doi.org/10.1371/journal.pone.0291643.9001

Table 4. Human papillomavirus (HPV) attitude scores based on participants age, gender, specialty, experience,

and workplace.

Characteristic Attitude Score

Age Mean (Range) Median (IQR) P-Value
<25(75) 2.8 (0-4) 3.0 (2-3)
26-40 (296) 2.6 (0-4) 3.0 (2-3) 0.002
41-60 (31) 1.9 (0-4) 2.0 (2-3) 0.009
above 60 (10) 2.2 (0-4) 2.0 (2-3)

Gender
Female (219) 2.7 (0-4) 3.0 (2-4) 0.030
Male (193) 2.4 (0-4) 2.0 (2-3) 0.023

Specialty
Surgery (60) 2.5 (0-4) 3.0 (2-3)
Internal Medicine (46) 2.6 (0-4) 3.0 (2-3) 0.735
Pediatrics (25) 2.5 (0-4) 3.0 (2-3) 0.887
Gynecology (72) 2.7 (0-4) 3.0 (2-4)
Others (102) 2.4 (0-4) 3.0 (2-3)

Experience
Specialist (130) 2.2 (0-4) 2.0 (1-3) 0.000
Resident (215) 2.6 (0-4) 3.0 (2-3) 0.000
General practitioner (67) 3.0 (0-4) 3.0 (3-4)

Work
Ministry of health (158) 2.6 (0-4) 3.0 (2-3) 0.514
Academia (128) 2.5 (0-4) 3.0 (2-3) 0.339
Private sector (105) 2.7 (0-4) 3.0 (2-4)
Military Services (21) 2.8 (1-4) 3.0 (2-3)

The first p-value shows the ANOVA results for differences between means, while the second p-value shows the

difference between medians using Kruskal-Wallis test.

https://doi.org/10.1371/journal.pone.0291643.t004
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Fig 2. Reasons for not taking the vaccine.

https://doi.org/10.1371/journal.pone.0291643.9g002

4. Discussion

This is the first study to shed light on the awareness of Jordanian physicians on the non-sexual
routes of HPV transmission. Although penetrative sex is considered the premium cause of
HPYV infection and genital cancers, non-sexual transmission can add to those cases and to
other types of malignancies such as skin, oral and head and neck cancers. Medical equipment
that get into direct contact with the genitals and the oral cavity can form major sources of
infection, especially if they are not well disinfected to kill the virus. Physicians, dentists and
healthcare workers involved in using/disinfecting such equipment must know that HPV can-
not be killed by alcohol-based disinfectants and must switch to hypochlorite based ones [8]. In
Jordan, as well as many other parts of the world, dermatology and plastic medicine clinics
have spread rapidly during the past few years. Very affordable prices of “unwanted hair”
removal with laser encouraged females and, to a lower extent, males to perform multiple ses-
sions of hair removal including areas around the genitals. We believe that laser probes have the
potential to be a rich source of HPV transmission if not disinfected properly.

Surprisingly, physicians in this study showed extremely low levels of knowledge on non-
sexual routes of HPV infection. All in all, out of 5, the average K-nonsexual score of 403 physi-
cians who have previously heard of HPV is ~2.3. Although skin to mucosa and skin to skin
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Fig 4. Correlation between total knowledge scores and attitude towards HPV vaccination and screening.
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contact is a means of sexual transmission of HPV, only 64% and 52% of participants respec-
tively, agreed that these could form an HPV transmission route. Physicians’ disbelief in con-
taminated water (85%), self-inoculation (77%), medical equipment (66%) and mother to fetus
(49%) as potential routes of HPV transmission is worrisome.

In fact, to the best of our knowledge, this is the first published study that reveals the knowl-
edge of physicians on non-sexual routes of HPV transmission as a primary focus. However, a
few reports in the literature included questions about non-sexual routes of HPV transmission
listed in their questionnaire, but not discussed thoroughly in the text. Results of such reports
are very comparable to ours and all express low knowledge of physicians, health professionals
and medical students on the non-sexual routes of HPV transmission.

As reported by researchers from Rio de Janeiro state of Brazil, only 27.9% of the participat-
ing physicians were able to accurately identify all possible forms of transmission [43]. In Fujian
Province, >50% of medical staff and students involved in the study did not know that HPV
could be transmitted through indirect contact [44]. Similarly, in a study conducted in Greece,
only 34% and 20.7% of educators and health professionals knew that HPV can be transmitted
through contaminated objects and during natural birth, respectively [45].

Regarding all 3 knowledge categories (K-general, K-nonsexual and K-vaccines), female
physicians showed significantly higher scores compared to males. Similarly, females showed
better attitude towards HPV vaccination and screening. In fact, this proved to be a general
worldwide trend, not only in physicians, but also in students, general population and health-
care workers [46-50]. In Canada, female physicians demonstrated greater knowledge of HPV
than their male counterparts [51]. In France, female primary health care (PHC) physicians
(78.4%) were found to be more engaged in the performance of Pap smears compared to males
(45.7%) [52]. Interestingly, Sallam et. al. (2021) reported that although female medical students
had better knowledge on HPV vaccination, male medical students were more aware of HPV
association with oral and penile cancers [38]. Hence, this global trend of higher HPV knowl-
edge in females compared to males can be explained by the greatest global association of HPV
with cervical cancer as a major cause of female mortality, and the advertised importance of
HPV vaccination in preventing it. The role of HPV vaccination in preventing other types of
HPV-caused cancers is not publicized [53].

Looking at age, age group < 25 showed significantly higher K-vaccines scores and more
positive attitude towards HPV vaccination and screening. In fact, this was reflected by the bet-
ter attitude of GPs, as most of our GPs in this study are fresh graduates who belong the youn-
gest age group. This is non-consistent with previous literature from Saudi Arabia where
younger (20-30 years old) participants scored the lowest regarding HPV knowledge [54]. On
the contrary, another Saudi study reported that physicians’ age was not associated with knowl-
edge of cervical cancer or HPV [55]. The younger age-higher knowledge-more positive atti-
tude finding of this study could reflect updated universities’ curricula, fresher and more
generalized knowledge of new graduates and/or more engagement with globalization and
international openness.

Academic physicians showed significantly greater knowledge than their MOH, private
practice and MRS counterparts. Despite the fact that physicians engaged with academic work
might spend less time in the clinic and might have less direct contact with patients, they proved
to know better about HPV in general and about HPV vaccines compared to their clinical fel-
lows. Accordingly, this better knowledge reflected on the attitudes of academic physicians
towards HPV vaccination and screening. Interestingly, in India, community physicians dem-
onstrated better basic HPV knowledge compared to academic physicians, whereas academic
physicians showed better vaccine knowledge and more positive vaccination attitudes [56]. The
better HPV knowledge and more positive attitude towards HPV vaccination and screening
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detected in Jordanian academic physicians in this study could be explained by the continuous
and updated reading demands of the academic work. In addition, academic doctors are more
exposed to scientific communication and outreaches through national and international scien-
tific conferences, seminars and journal clubs. This emphasizes on the importance of continu-
ous training and education and on the self-driven reading on updates in medical fields of
special and public importance.

Based on specialty, no statistically significant difference was found between physicians with
different specialties in terms of knowledge and attitudes towards HPV vaccination and screen-
ing. Noteworthy, although not significant, gynecologists showed higher K-vaccine scores com-
pared to surgeons, pediatricians, internists and other specialty physicians (P = 0.059). This
lack of discrepancies between specialties regarding HPV knowledge and vaccination was
reported by a recent study in Israel [57, 58]. Farah et. al., (2022) reported no difference in
HPV-related knowledge among gynecologists, pediatricians, and internal medicine doctors.
On the other hand, a study from Solvenia observed a significantly higher HPV knowledge and
more positive attitude toward HPV vaccination among pediatricians and school medicine spe-
cialists [59]. Similarly, in Saudi Arabia, better knowledge was scored by obstetrics-gynecolo-
gists [54] and family medicine physicians [55] compared to their counterparts.

In terms of experience, general practitioners, residents and specialists showed no difference
in all measures of HPV knowledge as well as attitude towards vaccination and screening. Simi-
lar results were reported by scholarly articles in the literature. In Israel, no difference was
found between residents and specialists regarding HPV related knowledge [57]. Similarly, a
study performed in Louisiana, United States couldn’t link between knowledge and years of
experience [58]. On the other hand, in Saudi Arabia, higher practice level showed a significant
impact on knowledge strength as reflected by higher scores [54, 55].

Limitations of this study included the use of a convenience sampling approach, with the
possibility of selection bias. Thus, the generalizability of the results should be approached with
caution. Careless or multiple responses can’t be ruled out. As noted with many older physi-
cians, and physicians with specialties not much related to HPV infections (for example: oph-
thalmologists, orthopedics and others) affected their decision on participating in the survey
based on their lack of previous knowledge of the survey subject. Thus, the genuine level of
knowledge among physicians can be lower than the level reported in this study. In addition,
this survey study was conducted just after the COVID-19 crisis started to ease down, at times
preceded by a tremendous amount of COVID-19 related survey based research in the country
[60]. Physicians were overwhelmed with the amount of survey invitations they had received
and were discouraged to participate in any study. Another issue reported by researchers con-
ducting the in-person interviews is the way physicians treated questionnaire questions as if
they were exam questions. Physicians sought to give the right answers rather than being honest
with what they know about the study subject.

5. Conclusions

The noteworthy findings of this study that should be highlighted include: 1- The extremely
low level of knowledge on non-sexual routes of HPV infection among Jordanian physicians. 2-
The significantly higher K-general, K-nonsexual and K-vaccines scores and better attitude
towards HPV vaccination and screening reflected by female physicians compared to their
male counterparts. 3- The stronger K-vaccines score of the youngest physicians (age

group < 25). 4- The significantly greater HPV knowledge and more positive attitude of aca-
demic physicians compared to their MOH, private practice and MRS fellows. 5-The lack of
specialty and practice level influence on the knowledge and attitudes of participants.
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Increasing the level of awareness of physicians and healthcare workers on the non-sexual
routes of HPV transmission and their association with cervical and other cancers through uni-
versity curricula and other reliable sources is recommended. This must include proper ways of
disinfecting medical equipment to eliminate contaminating HPV. Educating the community
through socio-educational campaigns on these nonsexual routes can help break the religious/
cultural barrier towards HPV infection. This can help in the acceptance and implementation
of HPV vaccination and screening; in hopes to help in the prevention of HPV associated
cancers.
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